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(57)Abstract: 

PROBLEM TO BE SOLVED: To lower an oxygen- : cf» -fm>. *c&. 

concentration overvoltage when normal-pressure air cocf* ^ i -p- tcv* ) i so* h 

is supplied and provide a high output voltage, by 

using a composition comprising a perfluorosulfonic- 1 
acid polymer and a fluorine-containing ether 
compound as an electrode-catalyst coating agent 
used for a gas diffusion electrode. 
SOLUTION: A membrane/electrode joint body for a 
solid high-polymer type fuel cell comprises an ion- 
exchange membrane serving as an electrolyte and a 
gas diffusion electrode jointed to the ion-exchange 

membrane. An electrode- catalyst coating agent used n 
for the gas diffusion electrode contains a 
perfluorosulfonic-acid polymer of 30 to 95 wt.% 

expressed by an expression I and a fluorine-containing ether compound of 5 to 70 wt.% 
expressed by an expression II. In the expression I, x=0 to 2, y=2 to 3, and n/m=1 to 10. In 
the expression II, Rf is a perfluoroalkylene group having the C number of 1 to 3, x and y 
are perfluoroalkyl groups having the C number of 1 to 5, and k is 1 to 100. The gas 
diffusion electrode using the electrode-catalyst coating agent is used at least on the side of 
a cathode. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Electrode catalyst coating which consists of a constituent which contains the fluorine- 
containing ether compound expressed with a general formula (2) 30 to 95% of the weight in the 
film / electrode zygote for polymer electrolyte fuel cells which consists of ion exchange membrane 
used as an electrolyte, and a gas diffusion electrode joined to this ion exchange membrane in the 
perfluoro sulfonic-acid polymer which is used for this gas diffusion electrode, and which is electrode 
catalyst coating and is expressed with a general formula (1) in 5 - 70% of the weight of the range. 
[Formula 1] 

-( CF 2 -CF)m- (C F* - CF 2 )n - (1) 

(0CF 2 CF) x - 0- (CF 2 )y S0 3 H 

CF* 

(Here, it is the integer of x=0-2, the integer of y=2-3, and n/m=l-10.) 
[Formula 2] 

X- (ORf) k - O-Y (2) 

(Here, Rf is X, the perfluoro alkylene group of 1-3 carbon numbers of a single or two or more 
classes and Y are the perfluoroalkyl radicals of 1-5 carbon numbers, double association may be 
included, and the radical chosen from H, CI, Br, S03 H, and a COOR radical may permute by each 
carbon to one per each carbon.) R is H or an alkyl group. Moreover, it is the range of k=l-100. 
[Claim 2] The film / electrode zygote for polymer electrolyte fuel cells characterized by using the 
gas diffusion electrode using electrode catalyst coating according to claim 1 for a cathode side at 
least. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the gas diffusion electrode with which this invention constitutes a polymer 
electrolyte fuel cell — business — ****-- an electrode — a catalyst — coating — it is related and is 
related with the film / electrode zygote for polymer electrolyte fuel cells which has a gas diffusion 
electrode using this electrode catalyst coating. 
[0002] 

[Description of the Prior Art] By oxidizing fuels, such as hydrogen and a methanol, 
electrochemically within a cell, the chemical energy of a fuel is transformed into direct electrical 
energy, and a fuel cell takes it out, and attracts attention as a clean electrical energy source of supply 
in recent years. High power density is obtained, and since low- temperature actuation is possible, the 
polymer electrolyte fUel cell using especially ion exchange membrane as an electrolyte is expected as 
a power source for electric vehicles. 

[0003] Such basic structure of a polymer electrolyte fuel cell consists of ion exchange membrane 
which is a solid electrolyte, and a gas diffusion electrode of a pair joined by the both sides, and even 
if there are few each gas diffusion electrodes, the catalyst is supported at the ion-exchange- 
membrane side. And it operates as a fuel cell by supplying the oxygen or air which is an oxidizer 
about the hydrogen which is a fuel at another gas diffusion electrode to one gas diffusion electrode, 
respectively, and connecting an external load circuit to it among both gas diffusion electrodes. That 
is, in the former gas diffusion electrode (anode), a proton and an electron arise by oxidation of a fuel, 
the inside of an electrolyte is conducted, it moves to the latter gas diffusion electrode (cathode), a 
proton and the oxygen in an oxidizer react here, and this proton generates water. At this time, when 
the electron produced with the anode moves iii an external load circuit and moves to a cathode, 
electrical energy is obtained. 

[0004] In such a polymer electrolyte fuel cell, the proton shift to the catalyst top currently supported 
by the gas diffusion electrode is carried, it is the purpose which raises the use effectiveness of this 
catalyst, and the proton conductivity polyelectrolyte is used as electrode catalyst coating. The proton 
conductivity polyelectrolyte mainly used for current and a polymer electrolyte fuel cell is a perfluoro 
sulfonic-acid content polymer represented by "Nation (trademark) 11 by U.S. Du Pont, "ASHIPU 
REXX-S (trademark) etc." by Asahi Chemical Industry Co., Ltd., etc. Since these polymers have a 
strong acid nature machine and it has high chemical stability, it is used as ion exchange membrane as 
an electrolyte, and also using the solution as electrode catalyst coating of the catalyst bed of a gas 
diffusion electrode is proposed (for example, JP,2-7398,B, JP,3 -208260, A, etc.). 
[0005] However, since electrode catalyst coating of the oxygen supply capacity which lets this 
coating to a catalyst bed pass used conventionally was inadequate, it had the fault that oxygen 
concentration overvoltage was high. Therefore, when it was going to obtain high output voltage, the 
means of pressurizing oxygen, or raising concentration and supplying was required, and the system 
expensive as the whole cell for that purpose was required. Electrode catalyst coating with low 
oxygen concentration overvoltage by which high output voltage is obtained from this even if it 
supplies air by ordinary pressure was desired. 
[0006] 

[Problem(s) to be Solved by the Invention] Since this invention persons had oxygen permeability 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/9/2006 



JP,11-354129,A [DETAILED DESCRIPTION] 



Page 2 of 9 



with the expensive constituent which consists of a perfluoro sulfonic-acid polymer used 
conventionally and a fluorine-containing ether compound of a certain kind, they could reduce the 
oxygen concentration overvoltage when supplying the air of ordinary pressure by using this as 
electrode catalyst coating, found out that the film / electrode zygote for polymer electrolyte fuel cells 
with which high output voltage is obtained were obtained, and resulted in this invention. 
[0007] 

[The means for solving invention] That is, this invention is as follows. 

1 . Electrode catalyst coating which consists of constituent which contains fluorine-containing ether 
compound expressed with general formula (2) 30 to 95% of the weight in film / electrode zygote for 
polymer electrolyte fuel cells which consists of ion exchange membrane used as electrolyte, and gas 
diffusion electrode joined to this ion exchange membrane in perfluoro sulfonic-acid polymer which 
is used for this gas diffusion electrode, and which is electrode catalyst coating and is expressed with 
general formula (1) in 5 - 70% of the weight of range. 
[0008] 
[Formula 3] 

-( CFa -CF)m- (CF 2 -CF 2 )n - (1) 

(6cFi CP) x - 0- (CF 2 ) y SOa H 



3 



(Here, it is the integer of x=0-2, the integer of y=2-3, and n/m=l-10.) 

[0009] 

[Formula 4] 

X- (OR f ) k -O- Y (2) 

(Here, Rf is X, the perfluoro alkylene group of 1-3 carbon numbers of a single or two or more 
classes and Y are the perfluoroalkyl radicals of 1-5 carbon numbers, double association may be 
included, and the radical chosen from H, CI, Br, S03 H, and a COOR radical may permute by each 
carbon to one per each carbon.) R is H or an alkyl group. Moreover, it is the range of k=l-100. 
2. Film / electrode zygote for polymer electrolyte fuel cells characterized by using gas diffusion 
electrode using electrode catalyst coating of the above 1 for cathode side at least. 
[0010] About the component of electrode catalyst coating of this invention, sequential explanation is 
given below. Although the thing of the range of x=0-2 can be first used about the perfluoro sulfonic- 
acid polymer which has the structure first expressed with a general formula (1), since manufacture 
and a polymerization are easy, x= 1 is desirable. Moreover, although using in n/m=l-10 is possible, 
since a high molecular weight object is easy to be acquired and it is easy to dissolve also in a solvent, 
n/m=2-7 are desirable. Therefore, Du Pont "Nafion", "ASHTPU REXX-S" by Asahi Chemical 
Industry Co., Ltd., etc. can use the perfluoro sulfonic-acid polymer used from the former as it is. 
[001 1] Next, the fluorine-containing ether compound expressed with a general formula (2) is 
explained. In a general formula (2), Rf is the perfluoro alkylene group of 1-3 carbon numbers of a 
single or two or more classes. It is specifically -CF2-, -CF2 CF2-, -CF2CF2 CF2-, -CF2 CF(CF3)-, 
etc., and you may mix and have two or more sorts in intramolecular. In these, especially the thing 
containing -CF2 CF(CF3)- is desirable. Moreover, X and Y are the perfluoroalkyl radicals of 1-5 
carbon numbers, and the thing of 1-3 carbon numbers may be desirable, and may include double 
association. The radical chosen from H, CI, Br, S03 H, and a COOR radical may permute by each 
carbon to per [ of one each ] each carbon. R is H or an alkyl group and, in the case of an alkyl group, 
its thing of 1-3 carbon numbers is desirable. Even if X and Y are the same, they may differ. If an 
example is illustrated, CF3-, CF3 CF2-, CF3 CF2 CF2-, CF3 CHF-, CF2 =CF-, CHF2 CHF-, CC1F2 
CC1F-, CBrF2 CBrF-, HOOCCF2-, CH3 OOCCF2-, Radicals, such as HOOCCF(CF3)-, CH3 
OOCCF(CF3)-, H03 SCF2 CF2-, H03 SCF2 CF2 CF2-, and H03 S-CF(CF3) CF2-, are mentioned. 
Since itis [ solution-] easy toize among the compounds which consist of such combination and easy 
to mix also with a perfluoro sulfonic-acid polymer, the compound which has 1-2 COOH radicals 
or/and S03 H set in intramolecular at least is desirable. Specifically, the following compounds can 
be illustrated. 
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CF) k -OCF2 CFSOs H 
CFa CFs 



[0012] 

g'ormula 5] 
OOC-CF- (OCF, CF) k -OCF 2 CF 2 CF, 

F 8 C F 3 

HOOC-CF- (OCF, CF) k -OCF2 CF, SOs H 

F, CF, 
HOOC-CF- (OCF s CF) k - OCF 2 CF 2 CF 2 SOs H 

F 8 CF, 
HOOC-CF- (OCF2 CF) k -OCF 2 CF 2 COOH 

Fa CFa 

HOOC-CF - (OCFs CF)k - OCF2 

F s 

CF, =CF- (OCF, CF) k -OCF, CF, SO, H 

F, 

CF, =CF- (OCF, CF) k -OCF, CF, CF, SO, H 

F, 

CF, =CF- (OCF, CF)k -OCF, CF, COOH 

F, 

CCIF2 CC1F- (OCF2 CF) k - OCF, CF 2 SO, H 

F, 

CClFs CC1F- (OCF s CF)k -OCF, CF, COOH 

CF, 

CHFi CHF- (OCF 2 CF) k -OCF, CF, SO, H 

CF, 

CHF, CHF- (OCF, CF) k -OCF, CF, COOH 

CF, 

CF, CHF- (OCF, CF)k -OCF, CF, SO, H 

C Fa 

CF, CHF- (OCF, CF) k -OCF, CF, COOH 

CFa 

HOOCCF, - (OCF, CF) kl- (OCF, ) k2-OCF 2 COOH 

CFa kl+k2=k 

HOOCCF, - (OCF, CF, ) kl- (OCF, ) k2-OCF 2 COOH 

kl+k2=k 

[0013] Among these compounds, since the compound which does not have CH association is 
excellent in stability, it is still more desirable. Although the values of k are 1-100, since mixing with 
a perfluoro sulfonic-acid polymer will become difficult or it will be hard coming to dissolve it if too 
large, 50 or less are desirable, and 30 or less are still more desirable. Moreover, in the case of the 
compound which has especially a carboxylic-acid radical and a sulfonic group by the addition 
effectiveness becoming small if the value of k is too small, since it becomes easy to melt into water, 
two or more are desirable, and three or more are still more desirable. Moreover, it can also.be made 
to fix by carrying out a polymerization, after forming a catalyst bed in the case of the compound 
which has a trifluoro vinyl group in intramolecular. 
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[0014] Although the effectiveness which raises oxygen permeability is acquired by making such a 
fluorine-containing ether compound contain, such a fluorine-containing ether compound also has the 
effectiveness which discharges promptly the water generated from having moderate water 
repellence, and is presumed to have contributed to the improvement in the engine performance when 
considering as a fuel cell too. In electrode catalyst coating of this invention, the content of the 
fluorine-containing ether compound expressed with a general formula (2) is used in 5 - 70% of the 
weight of the range. It is 20 - 50 % of the weight still more preferably ten to 60% of the weight 
preferably. If the addition effectiveness is scarce when there is less content than 5 % of the weight, 
and 70 % of the weight is exceeded, it will be hard coming to maintain the catalyst bed which 
became soft too much and was stabilized. 

[0015] The method of infiltrating the solution of this constituent etc. is in the catalyst bed of the 
approach of usually mixing the solution of this constituent with the binder added catalyst powder and 
if needed using this constituent as an approach of using as electrode catalyst coating of the catalyst 
bed of a gas diffusion electrode, fabricating this, and forming a catalyst bed, and the gas diffusion 
electrode formed beforehand, and the any may be adopted as it. Therefore, generally this constituent 
will be used as a solution. Moreover, the solution of the fluorine-containing ether of a general 
formula (2) may be infiltrated into the catalyst bed formed using the conventional gas diffusion 
electrode, i.e., the perfluoro sulfonic-acid polymer of a general formula (1), as electrode catalyst 
coating, and a constituent may be made to form in it. 

[0016] As a solvent in the case of using this constituent as a solution, the mixed solvent of fluorine- 
containing alcohols, such as lower alcohol, such as a methanol, ethanol, 1 -propanol, 2-propanol, and 
a butanol, 2 and 2, 2-trifluoro ethanol, 2, 2, 3 and 3, 3-pentafluoro propanol, hexafluoro isopropanol, 
2, 2 and 3, and 3-tetrafluoro propanol, and those alcohol is used. In addition, fluorine-containing 
compounds, such as hydro fluorocarbon and the hydro fluoro ether, an ether compound, ketones, 
amides, a nitryl compound, dimethyl sulfoxide, etc. may be used as independent or a mixed solvent, 
and the mixed solvent of these independent or mixed solvents, and water may be used further. 3 - 
20% of the weight of a thing is usually used that the concentration of this constituent solution should 
just be the suitable concentration for formation of a catalyst bed. 

[0017] The property is demonstrated when electrode catalyst coating of this invention is used for a 
cathode side, since oxygen gas permeability was high. Therefore, although using for a cathode side is 
indispensable, even if it uses also for an anode side, it does not interfere. In addition, since electrode 
catalyst coating like this invention is called an electrode catalyst binder or a jointing material for 
corrugated fibreboard from the point of the function and there is no clear distinction in the function 
corresponding to each name, similarly it is contained in this invention, that is, although electrode 
catalyst coating may exist in a part of catalyst bed, it is desirable for a catalyst bed to boil all, to exist 
and to also have a function as a binder. Moreover, if this coating is prepared where ion exchange 
membrane is touched when ion exchange membrane and a gas diffusion electrode are joined, it can 
act as a jointing material for corrugated fibreboard, and can heighten the junction force of ion 
exchange membrane and a gas diffusion electrode. 

[0018] Next, the film / electrode zygote using electrode catalyst coating of this invention are 
explained. If the configuration is explained, as ion exchange membrane, "Nafion" which is the 
homogeneous membrane of a perfluoro sulfonic-acid polymer, and " ASHIPU REXX-S" by Asahi 
Chemical Industry Co., Ltd. can be used first. As thickness of ion exchange membrane, a 10-300- 
micrometer thing is used, for example. If ion exchange membrane is thinner than 10 micrometers, 
reinforcement at the time of membrane formation cannot be maintained, but if thicker than 300 
micrometers, resistance of ion exchange membrane will increase and the output characteristics at the 
time of fuel cell actuation will decline. The thickness of desirable ion exchange membrane is about 
30-150 micrometers. If there is need in the film, the core material for reinforcement can be prepared. 
Moreover, what doped the above-mentioned perfluoro sulfonic-acid polymer can also be used for 
porous film, such as polytetrafluoroethylene. 

[0019] The gas diffusion electrode used for the film / electrode zygote is constituted by the electric 
conduction material which supported the particle of a catalyst metal, and the layer which consists of 
water repellent contained if needed [ that water repellent and a binder may be contained if needed / 
the electric conduction material and if needed ] are not supporting the catalyst again, or a binder may 
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be formed in the outside of a catalyst bed. If it is the metal which promotes oxidation reaction of 
hydrogen, and the reduction reaction of oxygen as a catalyst metal used for this gas diffusion 
electrode, which thing may be used, for example, platinum, gold, silver, palladium, iridium, a 
rhodium, a ruthenium, iron, cobalt, nickel, chromium, a tungsten, manganese, vanadium, or those 
alloys will be mentioned. In such a catalyst, when especially platinum is many, it is used. The 
particle size of the metal used as a catalyst is usually 10-300A. The amount of support of a catalyst is 
0.01 - 10 mg/cm2, where an electrode is fabricated. It carries out. 

[0020] As electric conduction material, if it is the electronic conductive matter, which thing may be 
used, for example, various metals, a carbon material, etc. will be mentioned, as a carbon material, for 
example, carbon black, such as furnace black, channel black, and acetylene black, activated carbon, a 
graphite, etc. are mentioned, and these are independent — or it is mixed and used. As water repellent, 
fluorination carbon etc. is used, for example. Although it is desirable to use catalyst coating of this 
invention as it is as a binder, it does not interfere, even if it uses "other various resin. In that case, the 
fluorine-containing resin which has water repellence is desirable, and the outstanding thing 
especially heat-resistant and oxidation-resistant is more desirable, for example, a 
polytetrafluoroethylene and tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer and a 
tetrafluoroethylene-hexafluoropropylene copolymer are mentioned. 

[0021] Junction to ion exchange membrane and a gas diffusion electrode is carried out using the 
equipment which can be pressurized and warmed. Generally, it is performed by a hotpress machine, 
the roll press machine, etc. Generally the press temperature in that case is 120 degrees C - 250 
degrees C that what is necessary is just more than the glass transition temperature of ion exchange 
membrane, although it depends for a press pressure on the hardness of the gas diffusion electrode to 
be used — usually ~ 5-200kg/cm2 it is . 5kg/cm2 Joining to ion exchange membrane and an 
electrode becomes inadequate [ the following ], and it is 200kg/cm2. If it exceeds, the hole of a gas 
diffusion electrode will be crushed, the range where a press pressure is desirable — 20-100kg/cm2 it 
is . 

[0022] The zygote of the ion exchange membrane and the gas diffusion electrode which were formed 
as mentioned above is inserted between the flanges made from graphite of two sheets which 
extracted with a charge collector and gas intake and were equipped with opening, and is assembled 
as a fuel cell. Here, it operates as a fuel cell by supplying the gas (oxygen or air) which contains 
oxygen in the gas diffusion electrode of another side for the hydrogen gas which is a fuel to one gas 
diffusion electrode. Since the direction which operates a fuel cell at high temperature does not 
function as the ion exchange membrane used as an electrolyte not having moisture although it is 
desirable in order that the catalytic activity of an electrode may go up and an electrode overvoltage 
may decrease, it needs to make it operate at the temperature in which moisture management is 
possible. The range where the operating temperature of a fuel cell is desirable is room temperature - 
100 degree C. As shown above, electrode catalyst coating of this invention shows the engine 
performance which was excellent when it used for the gas diffusion electrode of a polymer 
electrolyte fuel cell. Although it is not necessarily clear whether it is that to which this improvement 
in the engine performance originates only in high oxygen gas permeability, also when air is used as 
an oxidizer, since high output voltage is conventionally obtained compared with an ingredient, it is 
desirable on industry. 
[0023] 

[Embodiment of the Invention] An example explains this invention to a detail further below. 
[Example] <an example 1> (composition of a fluorine-containing ether compound (3)) — the 
following acid full ora — the id (PCR company make) — 20ml water was dropped at mixture (12. 5g 
and ether 50ml) (two-layer separation), stirring under ice-cooling. During dropping, it once became a 
homogeneity solution and two-layer separation was carried out again after that. 
[Formula 6] 

FOC-CF- (OCF* CF) 4-7 -OCF 2 CF* CF, 



3 r 3 



[0024] After dropping termination, after continuing stirring for 3 hours, liquids were separated and 
the ether extracted the aqueous phase 3 times. After it collected ether phases and saturation brine 
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washed twice, the ether was distilled off and 12.6g of colorless oily matter was obtained. It checked 
that they were NMR and the fluorine-containing ether compound which contains a following-type 
(3) carboxylic acid from an IR spectrum. 
[Formula 7] 



[0025] (Measurement of oxygen gas permeability) It added so that the weight ratio of a polymer and 
an ether compound might be set to 8:2, and the fluorine-containing ether compound of the above- 
mentioned formula (3) was used as the homogeneity solution at the solution which dissolved the 
perfluoro sulfonic-acid polymer (ASHIPU REXX - S, Asahi Chemical Industry Co., Ltd. make) with : 
an exchange capacity of 950g [/Eq ] in the mixed solvent (weight ratio 1 :1) of n-propanol and 2, 2, 3, 
3, and 3-pentafluoro propanol by 5% of the weight of concentration. This solution was developed on 
the petri dish, after being air-dry, the vacuum drying was carried out at 80 degrees C, and the film of 
42 micrometers of thickness was produced. After this film was immersed in water, surface water was 
wiped off and oxygen gas permeability was measured using the flow type gas permeability gaging 
system (the product made from YANACO, GTR-100FA). Consequently, the oxygen gas 
transmission coefficients when making test gas into humidification air and making eel temperature 
into 40 degrees C were 5.0x10-9 cc, cm/cm2, sec, and cmHg. The measured value in the film of only 
the perfluoro sulfonic-acid polymer produced without adding the above-mentioned fluorine- 
containing ether compound for a comparison was 2.5xl0-9cc, cm/cm2, sec, and cmHg. 
[0026] (Production of the film / electrode zygote) To 40% of the weight of platinum catalyst support 
carbon (product made from U.S. E-TEK), the above-mentioned solution was added so that the 
weight ratio of a platinum catalyst and a polymer + fluorine-containing ether compound might be set 
to 2:1, homogeneity was distributed to it, and the paste was prepared to it. After applying this paste 
on a Teflon sheet using the screen of 200 meshes so that it may be set to catalyst area 2cmx2cm, it 
dries and fixes at 100 degrees C among an atmospheric-air ambient atmosphere, and it is amount of 
platinum support 0.25 mg/cm2. The catalyst sheet was obtained. 100 micrometers in the exchange 
capacity of 950g/Eq and thickness and the film surface product 3cmx3cm perfluoro sulfonic-acid 
polymer film (ASHIPU REXX - SI 004, Asahi Chemical Industry Co., Ltd. make) are inserted for 
the catalyst bed of the catalyst sheet of two sheets facing each other and between them, and they are 
150 degrees C and the pressure of 50kg/cm2. After carrying out a hotpress, the double-sided Teflon 
sheet was removed and the film / electrode zygote was produced. 

[0027] After being immersed in Teflon dispersion liquid (60 % of the weight), using a carbon cross 
(product made from E-TEK) with a thickness of about 400 micrometers as a catalyst bed base 
material, sintering was performed at 340 degrees C and it was made to sink in 40% of the weight to a 
carbon cross. The voidage was 50%. The laminating of these film / electrode zygote, and the catalyst 
bed base material was carried out, and it included in fuel cell single eel evaluation equipment, and 
hydrogen gas was used for the fuel, air was used for the oxidizer, and the single eel characteristic test 
was performed at ordinary pressure and the eel temperature of 80 degrees C. Hydrogen gas 
humidified at 90 degrees C, and air was not humidified but was supplied to the eel as it was. 
Consequently, 0.5 and 1.0 A/cm2 The eel output voltage at the time of current density was 0.65 V 
and 0.50V, respectively. 

[0028] <Example 2> In the mixed solution of a perfluoro sulfonic-acid polymer and the fluorine- 
containing ether compound of the above-mentioned formula (3), when the film was produced like 
the example 1 and oxygen gas permeability was measured except having set the weight ratio of a 
polymer and an ether compound to 6:4, oxygen gas transmission coefficients were 6.5x10-9 cc, 
cm/cm2, sec, and cmHg. Moreover, when the film / electrode zygote was produced using the 
solution of this constituent and the single eel characteristic test was performed, they are 0.5 and 1.0 
A/cm2. The eel output voltage at the time of current density was 0.66V and 0.57V, respectively. 
[0029] <Example 3> (composition of a fluorine-containing ether compound (5)) After mixing 
tetrafluoroethylene with a sulfuric anhydride (S03) in a proof-pressure container, the product was 
distilled (42 degrees C of boiling points), and the 2-hydroxy tetrapod FUROORO ethane-sulfonic- 
acid sultone was obtained. Where this 2-hydroxy tetrafluoro ethane-sulfonic-acid sultone is ice- 
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cooled, ring breakage of the little triethylamine was added and carried out, and fluoro sulfonyl 
difluoro ASECHIRUFURUORAIDO (FOCCF2 S02 F) was compounded. Next, fluoro sulfonyl 
difluoro ASECHIRUFURUORAIDO 50g and 6.0g of desiccation cesium fluorides and desiccation 
jig lime 50ml were put into the proof-pressure container, and hexafluoropropylene oxide about 380g 
was pressed fit in several steps under ice-cooling. It was made to react at 0 degree C then for 8 hours, 
and 32g of components of the boiling point - 100 degrees C / 3mmHg was obtained. It checked that 
it was a following-type (4) compound from NMR of the methyl ester which a part of product was 
made to react with a methanol, and was obtained, and an IR spectrum. 
[Formula 8] 

FOC-CF- (OCF2 CF) n -OCFa CF 2 SO2 F (4) 
C F s C F* n - 4 

[0030] The above-mentioned compound (4) To 5.0g, 5g of NaOH water solutions was added 40%, 
and it stirred at 100 degrees C for 5 hours, and stirred at 190 degrees C succeedingly for 5 hours. It 
was made acidity with the sulfuric acid 35% after cooling to the room temperature, and the ether 
extracted. The ether phase was condensed and 3.2g of oily matter of light brown was obtained. It 
checked that it was a following-type (5) fluorine-containing ether compound from NMR and an IR 
spectrum. The value of n was again checked by NMR. 
[Formula 9] 

CF, CHF- (OCF2 CP) n -OCF 2 CF 2 S0 3 H (5) 

CFs n - 4 

[0031] (Measurement of oxygen gas permeability, and production of the film / electrode zygote) 
When the film was produced like the example 1 and oxygen gas permeability was measured except 
having used the compound of the above-mentioned formula (5) as a fluorine-containing ether 
compound, oxygen gas transmission coefficients were 5.7xl0-9cc, cm/cm2, sec, and cmHg. 
Moreover, when the film / electrode zygote was produced using the solution of this constituent and 
the single eel characteristic test was performed, they are 0.5 and 1.0 A/cm2. The eel output voltage at 
the time of current density was 0.68V and 0.54V, respectively. 

[0032] <Example 4> In the mixed solution of a perfluoro sulfonic-acid polymer and the fluorine- 
containing ether compound of the above-mentioned formula (5), when the film was produced like 
the example 3 and oxygen gas permeability was measured except having set the weight ratio of a 
polymer and an ether compound to 6:4, oxygen gas transmission coefficients were 1.9xl0-8cc, 
cm/cm2, sec, and cmHg. Moreover, when the film / electrode zygote was produced using the 
solution of this constituent and the single eel characteristic test was performed, they are 0.5 and 1.0 
A/cm2. The eel output voltage at the time of current density was 0.69V and 0.58V, respectively. 
[0033] <Example 5> (composition of a fluorine-containing ether compound (6)) 5.0g of compounds 
of the above-mentioned formula (4) compounded in the example 3 was melted to the 10ml perfluoro 
hexane, and after adding 5g of NaOH water solutions 40% and stirring at a room temperature for 1 
hour, it stirred at reflux temperature (65 degrees C) for 5 hours. The white solid-state which filtered 
after cooling and was obtained to the room temperature was melted to ethanol, insoluble matter was 
filtered and removed, filtrate was condensed, and white powder was obtained. The obtained powder 
was made into acidity with the sulfuric acid 35%, the ether extracted, the ether phase was condensed, 
and 2.9g of oily matter of light brown was obtained. It checked that it was a following-type (6) 
fluorine-containing ether compound from NMR and an IR spectrum. 
[Formula 10] 

HOOC-CF- (OCF2 CF) n - OCF* CF 2 SQ 8 H (6) 

CFa CF 8 n - 4 

[0034] (Measurement of oxygen gas permeability, and production of the film / electrode zygote) 
When the film was produced like the example 1 and oxygen gas permeability was measured except 
having used the compound of the above-mentioned formula (6) as a fluorine-containing ether 
compound, oxygen gas transmission coefficients were 5.8x1 0-9cc, cm/cm2, sec, and cmHg. 
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Moreover, when the film / electrode zygote was produced using the solution of this constituent and 
the single eel characteristic test was performed, they are 0.5 and 1.0 A/cm2. The eel output voltage at 
the time of current density was 0.68V and 0.55V, respectively. 

[0035] <Example 6> In the mixed solution of a perfluoro sulfonic-acid polymer and the fluorine- 
containing ether compound of the above-mentioned formula (6), when the film was produced like 
the example 5 and oxygen gas permeability was measured except having set the weight ratio of a 
polymer and an ether compound to 6:4, oxygen gas transmission coefficients were 2.7x1 0-8cc, 
cm/cm2, sec, and cmHg. Moreover, when the film / electrode zygote was produced using the 
solution of this constituent and the single eel characteristic test was performed, they are 0.5 and 1.0 
A/cm2. The eel output voltage at the time of current density was 0.70V and 0.59V, respectively. 
[0036] <Example 7> (composition of a fluorine-containing ether compound (7)) After lOg of 
compounds of the above-mentioned formula (4) compounded in the example 3 was dropped at lOg 
of potassium carbonate which carried out the vacuum drying at 180 degrees C to just before, they 
were heated at 130 degrees C for 2 hours, and were heated at 190 more degrees C for 2 hours. Water 
was added after cooling to the room temperature, the ether extracted further, and the obtained oily 
matter was melted to the 20ml perfluoro hexane after distilling off the ether, and after adding lOg of 
NaOH water solutions 40% and stirring at a room temperature for 1 hour, it stirred at reflux 
temperature (65 degrees C) for 5 hours. The white solid-state which filtered after cooling and was 
obtained to the room temperature was melted to ethanol, insoluble matter was filtered and removed, 
filtrate was condensed, and white powder was obtained. The obtained powder was made into acidity 
with the sulfuric acid 35%, the ether extracted, the ether phase was condensed, and 4.5g of oily 
matter of light brown was obtained. It checked that it was a following-type (7) fluorine-containing 
ether compound from NMR and an IR spectrum. 
[Formula 1 1 ] 

CF 2 =CF- (OCF 2 CF) n-OCF 2 CF 2 SOs H (7) 

I 

CF 3 n - 4 

[0037] (Measurement of oxygen gas permeability, and production of the film / electrode zygote) 
When the film was produced like the example 2 and oxygen gas permeability was measured except 
having used the compound of the above-mentioned formula (7) as a fluorine-containing ether 
compound, oxygen gas transmission coefficients were 1.2xl0-8cc, cm/cm2, sec, and cmHg. 
Moreover, when the film / electrode zygote was produced using the solution of this constituent and 
the single eel characteristic test was performed, they are 0.5 and 1 .0 A/cm2. The eel output voltage at 
the time of current density was 0.68V and 0.57V, respectively. 

[0038] <Example 8> (composition of a fluorine-containing ether compound (8)) 2.0g of compounds 
of the above-mentioned formula (7) compounded in the example 7 is melted to the 10ml carbon 
tetrachloride, and chlorine gas was blown at the room temperature. After the reaction, the solvent 
was distilled off and 2.2g of oily matter of light brown was obtained. It checked that it was a 
following-type (8) fluorine-containing ether compound from NMR and an IR spectrum. 
[Formula 12] 

CCIF2 CC1F- (OCF2 CF) n-OCF 2 CF 2 SOa H (8) 

I 

CF 3 n-4 

[0039] (Measurement of oxygen gas permeability, and production of the film / electrode zygote) 
When the film was produced like the example 2 and oxygen gas permeability was measured except 
having used the compound of the above-mentioned formula (8) as a fluorine-containing ether 
compound, oxygen gas transmission coefficients were 1.7xl0-8cc, cm/cm2, sec, and cmHg. 
Moreover, when the film / electrode zygote was produced using the solution of this constituent and 
the single eel characteristic test was performed, they are 0.5 and 1.0 A/cm2. The eel output voltage at 
the time of current density was 0.69V and 0.58V, respectively. 

[0040] <Example 1 of a comparison> Except not adding a fluorine-containing ether compound, the 
film / electrode zygote was produced like the example 1 , and the single eel characteristic test was 
performed. Consequently, 0.5 and 1.0 A/cm2 The eel output voltage at the time of current density 
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was 0.60V and 0.44V, respectively. 
[0041] 

[Effect of the Invention] When electrode catalyst coating of this invention is used for the gas 
diffusion electrode of a polymer electrolyte fuel cell and air is used as an oxidizer, compared with an 
ingredient, high output voltage is obtained conventionally. Therefore, the film / electrode zygote 
using electrode catalyst coating of this invention are also excellent compared with the conventional 
thing. 



[Translation done.] 
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10 




1 1 -3 54 1 2 9 

10 

[0 02 3] 

KiwmcBMirj'*. 

<*7»*x- (3) (D^fS) TK»7^* 
7^fK (PCRttSi) 12. 5 g tx-f fob 0m 1 cr> 
(2JB#8t) tc, MTtWfL«c*582 0m 1 

SO*2Jl^StL/c 8 

[ftei 

4-7 - OCF 2 C F 2 CFs 



[0024] fflTRRTSL 3 WTOW¥*tt»ft:a. » Jl*6TE3: ( 3 ) <D*fo#>m*^t?<gy 

fefeCDtttt^?12. 6g^ff/c 9 NMR, IRX-^h*20 

HOOC-CF- (OCF2 CF)q -OCF2 C F 2 CF 3 (3) 

F 3 C F 8 n ^ 5 



—7* 



[0 0 2 5] (^tf^So&ftcDi&JS) &ft$*9 5 0 

Tn --?UrtS— fot 2, 2, 3, 3, 3 -^<>^yfo 
to-forts-foOU&mm (SSJtl : 1 ) 
fc**te, ±IBS ( 3 ) (D^y **x-?^Hfc^W*, 

(YANACOS, GTR-100FA) 
&5. 0 x l 0" 9 cc * cm/cm 2 - sec -cmHqT&o 

ccfPS[i/fc v >*-:7^*oxji/*>iM*y -?-<D&<oy 40 

^l/AtO)iJSi«, 2. 5XlO" s cc • cm/cm 1 - sec 
[0 02 6] (B/S®S-&tt<DfPS!) 4 0mS%<DS 
**\ S4IISIi#y 7*x-f ;Wt^fti 

<D*?y->£ffil>T, &$IBffl2 cmx 2 cmift* 

0 0°CT'f£*g- H^fbU S^aifSO. 25mg/c 50 



lOOjum, gfi3 cmx 3 c mCD^^-^ 
*>I*'Jv-I(7^U^X-S 1 004, JlSfb 
J&XSt (ft) ») £te<*^ 150U E*50kg/ 
cm 1 r*?F^l/fcft, Wffi(D^:7Ci>^— 

ft* Ufc. 

[0 02 7] fc&^£J#ft<tLT, J!£#J4 0 0 umcr> 

(E-TEKttS) %mi*K f7P>» 
tfcg(60SS%) CC»«OfcSL 3 4 0 , Ct^>^y 

BE, -fe>u«JK8 0 B Cr#-feil4*tt»»*tT-pft:. **# 
^ttfcLfc. *©*S*. 0. 5, 1. OA/cm 1 <Z>m 

^eoi^co-fe^ai^imffi^^ti-eno. 6 5v, 
0. 5ovr^>^/c 0 

[002 8] <HSg092 > ^-?ji,*cij*;1/*>K# y 
v-t±ia5K (3) vlRx~^;Wb^£<Dil^ 

jgffitctet^r, *-';^-<tx^;Wb^±cDmfiit£ 



5X10' 5 cc • cm/cm 2 - sec ■ cnmC$>^tc 0 
»-bJM*ttB»*1fofctC5, 0. 5. 1. OA 



(7) 



11 



/cm 2 ©«a*flt©i*©-b^W*«Ett*ii*ti * 
0. 66V, 0. 5 7 V-e^-o/c 

[0 0 2 9] <HSS093> 

<*7 5r*x-^Mt^* (5) MfEES»*T 
(S0 3 ) cb^F-7^Jl/^ax^u>^®^? 

tffc«, (»k54 2 e C) ir 2 - 1 Fnt 

CD2 - 1 Ko^^f b^^;u^ax^>x;i/^>^XJl/ 
THURSO 7Wnx;^cjVi/7;l/to7tf;i/7 10 

Jt^-Y F (FOCCF 2 SO, F) fc^fiROfc. Jfc * 

FOC-CF- (OCF2 CF) n -O 

F s C F a 



1 -3 54 1 2 9 

12 

A5 0m 1 £*Ati. **&T\ 's+tf:?^* 
u^nh-u>^^lf>r FiKi 3 8 0 g*saacc^TEA 
Otc Q *<D**0°CT?8«pHISJS3'». 0 0 °C 

/3mmHg»3 2g4f|/c e 

I RX^^ HU#»6TSBSC (4> <Dffc^«rC*&Ci& 

Hfc8 J 



CF* C F 2 SO2 F 
n ^ 4 



(4) 



[0 0 3 0] ±Bffc*W (4) 5. OgftCfcfU 4 0% 
NaOH*jgjS5s*fln*T 1 0 0 °CTC5 BSHHKffU 

31**** 1 9 0 xw 5 b*hw# l /C. *a*-c»*u«, 

CF, CHF- (OCF 2 CF) n - 

F a 



Cft9 3 



0CF 2 CF 2 SOs H 
n - 4 



(5) 



t=i 



[0031] {mxtfamm&mE&vm/* 
worm) a? vm^-TMt&mt ur ±ksc < 5 > 



fl*»tt5. 7x 1 0" 9 cc- cm/cm 2 • sec • anHqV$>r> 

KU **Jl4*ttK»*»f-oteiC* 1 0. 5, 1. 0 
A/cm' ©mSKffiaoi^O-fe^Hi^Ett^ti-en 
0. 6 8 V, 0. 5 4Vt$,o/c 0 . 
[0 0 32] <SgJ60J4> ^-7Jb*dX^*>K#y 
v-<b±id3; (5) <D^? *J£x- ^jWfc^*4CD«^ 



30 



★#-fe;l^14WK*tf ojTc4C5> 0. 5, 1. OA/c 

9V, 0. 5 8VC»r>fc. 
[0 0 3 3 ] <*5S#15> 

(a? ?Sftx-^;l,ffr&*» (6) <D^rf&) lOWOT^ 
RtLftLhEaS (4) <D{t&fyb. OgtlOmlO^- 
7JU*n-x*1^>Cc**»Lr*5#, 40%NaOH*g 

isg^tetiatinwi/cfi ii^ss(6 

4 3 5%^rffitttcLrx-^Ji/rfflmo. x-^Jl, 

I RX^Z h;U^6TIBS; (6) <D^-7^^x-f JWfc 



tel. 9xi0-'cc- cm/cm 2 - sec • cmHgT'$>-?rt:o £ 

HOOC-CF- (OCF 2 CF) n 



3 



F, 



[ft 1 0] 

OCFs CFj S0« 
n *5 4 



H (6) 



[0034] < WR#^«iitt©a!CERDfil/«ffie^ 



8x 10-'cc- on/cm' - sec • cmHqT&o 

«L. *-feJH*f*K**fTofc£C5. 0. 5, 1. 0 
A/cm' tO^Uffi^SBEtt-etl-etl 
0. 6 8 V. 0. 5 5 VT$>-?tc. 



[003 5] <HJB0!6 > /N'-7;l'^-aXJl'^>^5i<y 

v-t±isse (6) ©a? vmx--7->\>ib£%it<Dm& 

»2. 7xl0 -, cc- an/cm 2 - sec • anHq-C£>ofc„ £ 
*-b;M*tt8W*Woft:tC5, 0. 5. 1. OA/c 

so m 1 ©s^a<D<t#(D-fejmi^sji«-?-n-eno. 7 



C8) 



1 1-354 1 2 9 



13 

OV, 0. 5 9VT*ofc„ 

[0036] (mmmiy 

(■^y ?fkz--TMt&® (7 ) o&m wmm 3 r ^ 

l&L/c±iE5£ ( 4 ) <D<t£Vl 1 0 g £. UmiC 1 8 0 *C 
T»£f£*8 Ltc&m* 9 A 1 0 g (C STF L fcf£. 13 
0^T-2B#fiatin&U $6K 1 9 0*CC2B$M&U 

I/. x-^jU^S^fg, ^6ftfcttt#t33£2 Om 1©;* 
-7;U:*n^*if>fc?g#>l,-c*it. 40%NaOH* 
CF 2 =CF- (OCFj CF) n 

I 

CF, 



14 



(6 5-c) •csmmmftvtc. mu^v^ms., m&o 

f-Jl4l£?$!SGT&^e©terf#gj4. 5g*»fc s NM 
R. I R*-<2> h^fcTISSC (7) ©^7 -y«x-f 
■Mb-£#|-C& & C <!: £«tS! Lfc. 
* [ftll] 

-OCFs CFs S0 3 H C7) 
n - 4 



[0037] (mmx zmim<Dig>m%.u ! m/'mw&'£i 

Gfcifcttl. 2xi0-'cc- cm/cm' • sec • cmHg-C&o 
ISO. m-feMfttlSil^tfo/ciC^. 0. 5, 1. 0 20 

A/cm' ©m?j^&©£*©-b;baj;^E«-en^ft 

0. 6 8 V. 0. 5 7V-C*ofc. * 

CC 1 F* CC 1 F- (OCFj CF) n 

I 

CF» 

[0039] (wm*iAm7&&<Dwm%.u8i/mmm-& 

fc<D<%m) $y vM^-T-Mt^t L.r±ISSC (8 ) 

&£fcl*l. 7X10"*cc- cm/cm 2 • sec • ctnHq-C*o 30 
SSL, #-fe;H*ttK*4tf-»fc£Ci. 0. 5, 1. 0 

a/ cm 2 ©s^a©i#cDH2^ta*sE{i-e-n-en 

0. 6 9 V, 0. 5 8VC*ofc. 

[0040] <&mw\> ^y •vm*—?Mt-&vi$:m 



* [0 03 8] <HJt{?i8> 

(^7 ?*x-^;u{b-^85 (8) ©■£■(£) ^SSM7-c 



^Ofc±ia^; ( 7 ) <D<t&®2 .0g410ml ©Egi& 

tc* NMR, I RX^i- h;b#>6,Ti25£ (8) ©#7 
[ftl 2] 



-0CF 2 CFj SOs H 



(8) 



n-4 

tin L tt t 1 £ ISfflMc «/«ffi«^»*ft« 

0. **ji4«H«*^fe.--e©is*. o. 5, 1. 
oa/ cm' (Dmmm&otzo-tjmtmmtzft? 

tlO. 60V, 0. 4 4Vt*ofc. 
[0 04 1] 

mmm^fa i> s *:&*© *> ©a: it^r sti-c 1^. 



